Background: The lateral distal femoral angle (LDFA), the medial proximal tibial angle (MPTA), and the mechanical axis deviation (MAD) are commonly used in the evaluation of lower extremity deformities. The interobserver and intraobserver reliabilities of these measurements have not been evaluated. Methods: Three groups of observers with different levels of experience (5 attending pediatric orthopaedic surgeons, 5 orthopaedic chief residents, and 5 interns) measured the LDFA, MPTA, and MAD on 35 full-length standing anteroposterior teleroentgenograms (56 extremities). Relatively equal numbers of extremities with varus, valgus, and normal alignments were chosen to represent a spectrum of lower extremities that might be encountered clinically. Measurements were performed in random order by each observer on 2 separate occasions separated by at least 2 weeks. Results: The interobserver and intraobserver reliabilities for each of the measurements regardless of the level of experience was greater than or equal to 0.90. The interobserver differences were slightly greater than the intraobserver differences for all measurements. The overall mean interobserver differences for angular and MAD measurements were within 1.6 degrees and 3.1 mm, respectively. The overall mean intraobserver differences for angular and MAD measurements were within 1.4 degrees and 1.9 mm, respectively. Reliability and mean differences were consistent regardless of the level of experience. Conclusions: Measurement of the LDFA, MPTA, and MAD demonstrated excellent intraobserver and interobserver reliabilities regardless of the experience of the observer.
Radiographic analysis of malalignment is essential in both initial evaluation and preoperative planning. 3Y8 Mechanical axis deviation (MAD) conveys the absolute discrepancy from neutral lower extremity alignment (Fig. 1) . The lateral distal femoral angle (LDFA) and medial proximal tibial angle (MPTA) reveal the location and degree of angular deformity (Fig. 1) . The magnitude of these measurements may not only influence the decision to pursue surgical intervention but may also be used to assess the adequacy of surgical correction. 3 Although these measurements are becoming the gold standard in evaluating lower extremity deformities, 7, 9 the reliability of these measurements has not been assessed. The purpose of this study was to examine the interobserver and intraobserver reliabilities of the LDFA, the MPTA, and the MAD.
METHODS
Institutional review board approval was obtained for the study. Patients with normal and abnormal lower extremity alignments were selected from the census of the Lower Extremity Clinic at the St Louis Shriners Hospital for Children. Radiographic jackets of these patients were obtained from the hospital's radiology department. Thirty-five radiographs were selected for inclusion in the study from more than 200 fulllength standing anteroposterior teleroentgenograms. All selected radiographs were 36-or 51-in films extending from the pelvis to the foot. Radiographs in which the hip, knee, or ankle was not discernible were excluded. Radiographs of marginal quality were specifically included. Rotation was accounted for by ensuring the patella was centered between the femoral condyles, and the distal femoral contour was of an anteroposterior view. Radiographs that were excluded were of such quality that they would have been repeated in situations where the measurements were clinically important. Radiographs of patients under the age of 7 were excluded because of the difficulty in determining the femoral and tibial joint lines in patients with largely cartilaginous epiphyses.
The lower extremity mechanical axes of radiographs considered for inclusion were determined, and then a relatively equal number of extremities with varus, valgus, and normal alignments were chosen to represent a spectrum of mechanical axes. The normal mechanical axis line passes 8 T 7 mm medial to the center of the knee joint. 10 According to these criteria, selected radiographs included 19 valgus extremities with a mechanical axis falling lateral to the center of the knee, 19 varus extremities with a mechanical axis falling at least 15 mm medial to the center of the knee, and 18 normal extremities with a mechanical axis from the center of the knee to 15 mm medial to that point. Identifying data were concealed, and each radiograph was randomly assigned a number.
Five physicians from each of the 3 levels of experience were recruited to perform measurements. The groups in the order of least to most experience included 5 orthopaedic surgery interns, 5 senior orthopaedic surgery residents, and 5 attending pediatric orthopaedic surgeons. Observers were given a sheet of explicit instructions before each of 2 sets of measurements (Fig. 2 ). Observers were given a black film marking pencil (Dixon, Heathrow, Fla), a 1-m metal ruler, a standard goniometer (Depuy, Raynham, Mass), and a spreadsheet to enter measurements. The goniometer measured from 0 to 180 degrees with 1-degree increments and contained a ruler that measured 1-mm increments. The spreadsheet consisted of the randomly assigned numbers for each of the radiographs.
Measurements were made according to the method of Paley.
6 Points were drawn, by the individual measuring the radiograph, at the center of the femoral head, the center of the knee joint, and the center of the ankle joint. The lower extremity mechanical axis was determined by a line between the center of the femoral head and the center of the ankle joint. The perpendicular distance in millimeters between the lower extremity mechanical axis and the center of the knee joint was recorded as the MAD. Varus deviation was assigned a positive value, and valgus deviation was assigned a negative value. The femoral mechanical axis was determined by drawing a line between the center of the femoral head and the center of the knee joint. A line along the inferior aspect of the femoral condyles was drawn. The LDFA between the femoral mechanical axis and the femoral condylar line was measured. The tibial mechanical axis was determined by drawing a line between the center of the knee joint and the center of the ankle joint. A line along the tibial plateaus was drawn. The MPTA between the tibial mechanical axis and the tibial plateau line was measured.
Measurements were entered into an Excel (Microsoft, Redmond, Wash) spreadsheet. All radiographs were cleaned with isopropyl alcohol before the next set of measurements and were reviewed to ensure no marks of any kind remained. The 2 sets of measurements were made at least 2 weeks apart to ensure memory would not influence subsequent measurements. Measurements were performed by only 1 observer at a time. Observers were not permitted to view their previous measurements at any time during the data collection.
A statistician was consulted during the development phase of the study. We felt that a spectrum of mechanical axes most accurately convey the interobserver and intraobserver reliabilities. The use of 15 observers and 50 angular measurements representing a spectrum of mechanical axes was predetermined to ensure a strong indication of reliability. All statistics were performed with SAS software (Statistical Analysis System, Cary, NC). Both intraobserver and interobserver reliabilities were calculated on each of the 3 indicators of limb alignment (LDFA, MPTA, and MAD). Intraobserver reliability is an index of the consistency of an observer from time 1 to time 2, whereas interobserver reliability is based on the consistency of measurements across more than 1 observer. Both time 1 and time 2 measurements were used to calculate intraobserver reliability, whereas interobserver reliability was calculated from the time 1 measurement only. The reliability for the 3 indicators of MAD was calculated across all observers and for each type of observer. The coefficient of reliability used was the intraclass correlation coefficient (ICC), 11, 12 which is calculated on the assumption that the observers within the study represented a random sample of the population of observers to permit generalizability of the findings of the study. The SDs and 95% confidence intervals (CIs) were calculated to determine the intraobserver and interobserver differences in angular or distance measurements.
RESULTS
Thirty-five radiographs with 56 extremities were included in the study. Measurements on 21 radiographs included bilateral extremities, whereas measurements on 14 radiographs included 1 extremity. The mean age of the patients at the time of each radiograph was 11.2 years (range, 7.1Y14.7 years). Radiographs were selected to represent a spectrum of mechanical axes including 19 valgus extremities,19 varus extremities, and 18 normal extremities.
The overall ICCs for the intraobserver analysis were 0.96 for the LDFA, 0.99 for the MPTA, and 0.99 for the MAD. There were no substantial differences between the ICC for interns, chief residents, and attending physicians (Table 1) . The overall ICCs for the interobserver analysis were 0.91 for the LDFA, 0.98 for the MPTA, and 0.99 for the MAD. Again, there was little substantial difference in the ICC for interns, chief residents, or attending physicians ( Table 2) .
The overall intraobserver differences were 1.1 degrees for the LDFA, 1.2 degrees for the MPTA, and 1.8 mm for the MAD. Similar intraobserver differences were noted when looking individually at interns, chief residents, or attending physicians ( Table 3 ).
The overall interobserver differences were 1.4 degrees for the LDFA, 1.6 degrees for the MPTA, and 3.1 mm for the MAD. Little difference was noted in the interobserver differences for interns, chief residents, or attending physicians ( Table 4) .
The criteria for reliability measurements have been described as follows: poor, 0 to 0.7; fair, 0.7 to 0.79; good, 0.8 to 0.89; and excellent, 0.9 to 1.0. 13 The interobserver and intraobserver reliabilities for each of the measurements regardless of the level of experience were excellent, with values of FIGURE 2. This sheet of instructions was provided to each observer before each set of measurements. 
DISCUSSION
Lower extremity mechanical axis malalignment has been implicated in the development of premature degenerative osteoarthritis, and restoration of normal angular alignment may deter this pathologic process.
14 Y17 Mechanical axis deviation, the LDFA, and MPTA are useful instruments to characterize the location and magnitude of deformity in the coronal plane. Similar to the measurement of Cobb angles in the management of adolescent scoliosis, 18 a change in mechanical axis measurements over time could represent an unreliable measurement rather than a progressive deformity. These measurements are critical for preoperative planning of correction by physeal stapling or osteotomy with or without external fixation. 3, 5, 6, 19 We demonstrated excellent interobserver and intraobserver reliabilities for these measurements regardless of the level of experience of the observer. Orthopedic interns, chief residents, and attending pediatric orthopedic surgeons demonstrated a reliability of 0.90 or greater. The LDFA and MPTA were reproducible within 1.6 degrees, and the MADs were reproducible within 3.1 mm.
Several sources of error were accounted for in the development phase of the study. Rotation has been shown to influence the radiographic analysis of lower extremity deformity, 20 and this source of error was accounted for by ensuring the patella pointed forward in all radiographs. Measurement precision was also enhanced by using the same pencil, ruler, and goniometer for all measurements. For these reasons, one might assume that the degree of precision would be lower if any of these factors are not considered, as may often be the case in a busy orthopaedic practice. With the exception, however, of using the same goniometer and ruler in all measurements, the conditions were set to mimic those present in a typical orthopaedic clinical setting. Mose circles were not used to determine the center of the femoral head, but rather, the observer used simple visual clues. Although the radiographs were chosen to be of reasonable quality, they were by no means pristine. Some were either somewhat overexposed or underexposed, and some were of patients with obesity, which tended to obscure skeletal landmarks.
The LDFA, MPTA, and the lower extremity MAD are reproducible regardless of experience. When performed in a consistent manner, these measurements may be used as an indication for surgery, as the basis for surgical planning, and as an assessment of surgical correction.
